53 Abstract. 54 Background. The purpose of this study was to establish a reproductive schedule and examine 55 reproductive traits that shape fecundity of the Bigeye Chub, Hybopsis amblops Leucisinae, in the 56 Flint River system of north Alabama.
57 Methods. Traits associated with reproduction, growth, and maturation were assessed. Specimens 58 were collected and examined monthly from the Flint River in northern Alabama from May, 2013 59 until July, 2024. 71 Alabama primarily spawn in April and May, which is slightly earlier than the late spring and 72 early summer previously predicted. The collection of this information was important for future 73 comparisons showing this population's response to environmental changes, sympatric and 74 allopatric population comparisons, and any conservation effort based on scientific data. 
78
Hybopsis amblops (Rafinesque), the Bigeye Chub, is a leucisid minnow found in the 79 Lake Ontario and Lake Erie drainages, Ohio River basin, and south to the Tennessee River 80 drainage in northern Alabama (NatureServe, 2014). They are currently thought to be extirpated 81 in the Missouri river drainage, and rarely found in segments of the Illinois River drainage.
82 Bigeye Chubs also appear to be extirpated in the Kaskaskia and Wabash River drainages and 83 branches of the Ohio River (Warren and Burr, 1988 ). This species is frequently collected over 84 hard sand or gravel substrates in areas of low current, and they have a low tolerance to siltation. 85 Their decline in distribution range has been linked to the degradation and pollution of aquatic 86 ecosystems (Warren and Burr, 1988) .
87
There are limited studies and a general lack of information on Bigeye Chubs. They have 88 been collected over hard sand and gravel substrates in areas of low current. According to 89 literature, members of this species attain a maximum standard length of 80 mm and anecdotally 90 spawn during the late spring and early summer (Boschung and Mayden, 2004) . They are 91 considered to be lithophilic spawners, utilizing gravel and mineral substrates instead of simply 92 releasing eggs into the sediment The Oscar Patterson Road bridge access (34˚48'24" N, 86˚28'21" W) on property owned 120 by the Land Trust of North Alabama was the entry point used in this study (Fig. 2) . Collections 121 were made monthly from May, 2013, through July, 2014, overlapping primary spawning months.
123 specimen was available for examination in July, 2013, and February, 2014. All fish were 124 collected from a 300 m length of the Flint River. Fish were netted using a seine net measuring 125 3.5 m length, 1.2 m depth, and a 3 mm mesh. A cast net was with a radius of 2.5 m and a 6 mm 126 mesh was used occasionally. All fish were euthanized on site using a 1:10 clove oil: 95% ethanol 127 solution diluted with 350 ml river water. Samples were then placed in commercial grade 10% 128 phosphate buffered formalin for tissue fixation and storage. Water temperature was taken during 129 each collection with an alcohol thermometer. The average rate of river discharge for each month 136 After excess surface fluid was blotted away from the gonadal tissue, gonadal mass was obtained 137 to the nearest 0.001 g. Gonadosomatic Index (GSI) was calculated as: GSI = (body mass -138 gonadal mass)/body mass X 100. Images of intact gonads and oocytes were captured under an 139 Olympus SZX7 dissecting microscope with an Olympus DP72 camera. The images were later 140 analyzed for maturation status and number using the CellSens Standard software (Ver. 1.5) that 141 comes with this camera. Each image was captured at 8.4X (1.6X x 4.0X) and saved as a .tiff file.
142
Ovarian maturation was assessed for each female using a modification of the scheme Both ovaries from each female were teased apart using 21-gauge hypodermic needles to 157 liberate developing oocytes from the ovarian tissue. All oocytes were arranged into a single layer 158 on a Syracuse watch glass to be photographed. When the number of oocytes exceeded one frame, 159 multiple frames were taken. Digital images were used to categorize oocytes into stages of (Fig. 4) . Female fecundity was determined as clutch size, the combined number of 169 Stage III and IV oocytes present in Stage III or IV ovaries. This represents the number of mature 170 oocytes nearly or immediately ready for spawning.
171
All oocytes (excluding latent oocytes) were counted by stages and the total number was Monthly mean water temperatures (ºC) and oocyte counts were applied to the same 248 graph. The graph revealed a trend: during months with increased water temperatures, oocyte 249 counts were low. Water temperatures were lower in November when oocyte counts began 250 increasing. February to May of 2014, water temps were low but rising as oocyte counts were 251 cresting. In June of 2013 and 2014, the number of oocytes in each female decreased as water 252 temperatures climaxed (Fig 7) . Table 1 Sex distribution of Bigeye Chubs collected monthly from the Flint River from May, 2013 to July, 2014. Chi square was performed to test for a significant difference between the number of males and females in each collection. No female specimens were located or collected in January, 2014. Only one female specimen was collected in July, 2013, and February, 2014. *A significantly larger number of males were collected in August and November, 2013.2013 to July, 2014. P-values at α = 0.05.
Table 2
Monthly summary of female ovarian maturity by stage in female Bigeye Chubs collected from the Flint River in Alabama from May, 2013 to July, 2014. All ovaries observed in specimens collected from September and October were found to be fully regressed, so no data are reported for those months. No female specimens were located or collected in January, 2014. Only one female specimen was collected in July, 2013, and February, 2014. A) Monthly water temperatures and average rate of river discharge (ft 3 /sec) in the Flint River from May, 2013 to July, 2014. Temperatures were measured at the river during each monthly fish collection, and river discharge data are from an automated station 2 km downstream. Rate of discharge is reported as ft 3 /sec because that is how it is reported by the United States Geological Survey (USGS). B) Graph comparing flow data from this collection period with historical flow data obtained from the USGS databank. Trends for water temperatures (ºC) and oocyte counts. Water temperatures were lower in November when oocyte counts began increasing. February to May of 2014, water temps were low but rising as oocyte counts were cresting. In June of 2013 and 2014, the number of oocytes in each female decreased as wate r temperatures climaxed. *No female specimens were collected in January, 2014, so no water temperature or oocyte count was included for this month.
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